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.rEE SHUTTLE CRITICAL ITEMS LIST - ORBITER

¥YSTEM :ACTUATION MECH=ET/OERE DOCR TMEA NQ 02=4D-013500-4 REV:02/17,/848

ASSEMBLY :ET/ORBITER UMBILICAL DOOR MECHANISMS : CRIT. FUNC: 1
P/N RI tMC287-0041 CRIT. HDW: 1
P/N VENDCR:15650 HOOVER ELECTRIC VEHICLE 102 103 104
QUANTITY 4 (2 LHZ & 2 LD2) EFFECTIVITY: X X X

1 {2 PER ACTUATOR) PHASE(S) : PL o X000 Do X Ls

REDUNDANCY SCREEN: A- B= C=

PREFARED EY: . APPROVED BY: APPROVED BY [NASA):
DES R. H. YEE DE o By TR
REL J. §. MULLEN REL OQiwiezr #2>
ne "W. Z. SMITH QF =& rm i

ITEM:
TORQUE LIMITER, DOQOR "UPLOCK"™ LATCH ACTUATOR

FUNCTION:

TO PROTECT THE ACTUATOR MOTORS/GEARS AND LATCH LINKAGSES BY ALLOWING
PREDETERMINED SLIPPAGE DURING A STALIL OR JAM CONDITION.

FAILURE MODE: : )
TORQUE LIMITER SLIPS AT LESS THAN MINTMUM ALLOWABLE TORQUE

SE(S); , - :
DVERSE TOLERANCES/WEAR, CHANGE IN MATERIAY, PROEEHTIES CONTAMINATTON A

FORETIGN OQBJECT/DEBRIS, DREFECTIVE PART/MATERIAL OR MANUFACTURING DEFECT
LOs5 OF SPRING FORCE, TEMPERATURE

EFFECT (5) ON: .
(A) SUBSISTEM (B) INTERFACES (C)MISSION (D) CREW/VEEICLE

(A} LOSS OF FUNCTIONS - LATCHES CANNCT FULLY ENGAGE.
(B) THERMAL GRADIENTS INTO COMPARTMENT.

(C,D) POSSIBLE LOSS OF CREW/VEHICLE DUE TO DAMAGE CAUSED BY THELMAL

EFFECTS IF TIE DOCRS CANNOT BE CLOSEDR AND FULLY LATCEED FOR SAFE RE—
ENTRY.
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DISPCSITION & RATIONALE:
. (A)DESIGN (B)}TEST {(C)INSPECTION (D)FAILURE HISTORY (E)OPERATIONAL USE

{A) DESIGH

EACH OREITER/ET UMBILICAL DCCOR IS FULLED T9 A FULLY CLOSED AND LATCHED
POSITION BY THEEE (3) FOUR=BAR/DVER=-CENTEERE UPLOCE LATCHEZ DRIVEN BY AN
ETLECTROMECHANTCAT, ACTTATOR THEOUGH A TORQUE TUBE, BELLCRANKS, AND
CONNECTING RODS. EACHE LATCH DRIVE ACTUATOR COMSISTS OF A PLANETARY
GEARBOX/DIFFERENTIAL DRIVEN BY TWO (REDUNDANT) 3I=-PHARSE ELECTRIC MOTCRS:
EACH MOTOR HAS AN INTEGRAL SPRING-LOADED FRICTION CLUTCH/BRAKE AND AN
INTEGRAL SPRING-LOADED DUAL-DISC PLATE FRICTION TORQUE LIMITER; WITH
LIMIT SWITCHES AND MECHANICAL 2TOPS TQ CONTROL/LIMIT ACTUATOR MCVEMENT/
ROTATION. THE ACTUATOR HOUSING IS DESIGHNED TO PRECLUODE THE ENTRY OF
FOREIGN PARTICLES. PARTS ARE CLEANED TG LEVEL 300, PER MAOL1O-301 {PRIOR
TC ASSEMELY); ASSEMBLED IN A CLASZS 100,000 CLEAN ROOM (FER FED-STD-209).
DUAL ROTATING SURFACES ON BEARINGS. SAFETY FACTCR 1.4 MINIMUM.

FROVISION EXISTS TC CYCLE THE ACTUATCR (TC LOOSEN STALLED/JaMMED
MECHANISM) . PERAKES MUST BE ELECTRICALLY ENERGIZED TQ DISENGAGE AND ARE
DESIGNED TCO FAIL IN THE ENGAGED POSITION. DIFFERENTIAL 1S DESIGWED TO
DISTRIBUTE POWER FROM EITHER OKE CR BOTH (REDUNDANT MOTQR3). EACH TOROUS
LIMITER IS5 DESIGNED TO PROTECT ITS MOTOR AND DRIVE TRAIN FROM AN OVERLOAD
FATLUORE. MOTORS DESIGNED TO OPERATE IN EMERGENCY 2-PHASE CONDITION.

{B) TEST

QUALIFICATION TESTS: QUAL-CERTIFIED PER CR~45-287-0041=0001.
QUALIFICATION TESTS INCLUDED: RUMIDITY TEST, SHOCK TEST, QUALIFICATION
ACCEPTANCE VIBRATION TESTS (QAVT) ,- THERMAY, VACUUM TEST, THERMAL CYCLING
TEST, OPERATING LIFE TEST (2,000 CYCLES, 1040=MISSICN, 10-YEAR LIFE;
EXPECT 500 CYCLES PER 100 MISSIONS), MECHANICAL STOP TEST, POWER
CONSUMFTION TEST, FREEFLAY TEST, AND IRREVERSIBILITY TEST.

ACCEPTANCEZ TESTS: INCLUDES EXAMINATION OF PRODUCT (FOR WEIGHT,
DIMENSIONS, CONSTRUCTION, CLEANLINESS AND FINISH), ACCEPTANCE VIBRATION
TESTS (AVT) (20-2,000 EZ, 30 SEC TQ 5 MINUTES, IN EACH OF THREE ORTHOGONAL
AXES, WITH ELECTRICAL QIRCUITS MONITORED FOR CONTINUITY), ACCEPTANCE
THERMAL TESTS (ATT) (CYCLED BETWEEN -80 DEG F AND +330 DEG F; MOTOR 1,
MOTOR 2 AND DUAL MOTOR), POWER CONSUMPTION TEST (OPERATED AT MAXIMOUM LOAD
AT —-50 DEG F, SINGLE MOTOR DEFLOYED WITHIN 12 SEC, DUAL MOTORS DEPLOYED
WITHIN 6 SEC, 210 WATTS/MOTOR MAX, 0.83 AMPS/MOTOR MAX; 616 WATTS/MOTOR
MAX STARTING POWER AND 3.5 AMPS/PHASE/MOTOR MAX STARTING CURRENT)
INSULATION RESISTANCE TEST AND DIELECTRIC STRENGTH TEST (FER MF0004-002),
CYCLING TEST {(OPERATED AT RATED LOAD: SINGLE MOTCR, 20 CYCLES EACH FROM
CW=CCW—CW ROTATTON AT 12 SEC/DIRECTION; DUAL MOTOR, 60 CYCLES FROM CW-
CCW-CW ROTATION AT § SEC/DIRECTION), FREEPLAY TEST (MAX ANGULAR FREEPLAY
AT CUTPUT SHAFT +/-0.25 DEGREES ROTATION, WITH 10 INCH-LE OF REVERSING
TORQUE) , STALL/MAXIMUM TORQUE TEST (MAX ACTUATOR OUTPUT &,000 INCH-LE),
IRREVERSIEILITY TEST (ACTUATOR MUST BE IRREVERSIBLE TO THE STATIC LIMIT
LOAD OF 250 INCH-LB, IN EITHFRF DIRECTION), MECHANICAL LIMITS TEST AND
ELECTRICAL LIMITS TEST (ACTUATOR CYCLED THROUGH ITS FULL TRAVEL-TO VERIFY
COMPLIANCE WITH MECHANICAL AND ELECTRICAL LIMITS).
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CMESD: LATCH/RELEASE COPERATICNAL CHECECUT (UNDER LOAD) OF RIGHT-
HAND/IEFT=-HAND ET UPLOCK DOCR LATCHES; SINGLE MOTOR OPERATION (MOTOR 1,
MOTOR 2) INSURES TEAT CPERATICNAL CAPABILITY OF TORQUE LIMITER HAS A HIGH
MARGIN OF SAFETY. TREQUENCY - ALL VEHICLES AT GROUND TURNAROUND.

(C) INSPECTION

RECEIVING INSPECTION '
CERTIFICATION OF COMPLIANCE, TEST CUUPONS, PHYSIGAL AND CHEMICAL RECQRDS
ARE: YERIFIED BY INSPFECTION., RECEIVING INSPECTION PERTORMS VISUAL ARD
DIMENSIONAL EXAMINATION COF ALL. THCOMING PARTS. GEARS ARE HARDNESS
CHECKED AND VERIFIED BY INSPECTION.

CONTAMINATION CONTROL

A CLASE 100,000 CLEAN ROOM FACTLITY IS USED FOR ASSEMBLY. ALL METAL
PLRTS ARE VERIFIED BY INSPECTION TCO BE CLEANED AND FROFERLY PACKAGED.
FPINAL INSPECTIGN INCLUDES CHECKS FOR CONTAMINATION USING BORESCOPES, ISX
AND 10X MAGHNIFICATION DEVICES, AND MEMBRANE FILTREATION METHODS.

ASSEMBLY/IMSTALLATION
INSPECTION VERIFIES AND RECORDS DIMENSIONS OF ALL DETAIL PARTS.

NONDESTRUCTIVE EVAIATATION

 HIGH STRESS PARTS, I.E., QUTPUT SHAFT, GEAR, IZITC., ARE MAGHETIC OR
FLUQRESCENT PENETRANT INSPECTELD.

CRITICAL PROCESSES

'HEAT TREATING IS VERIFIED BY INSPECTION. INSPECTION VERIFIES THAT
GEARBGXES ARE FROPERLY LUEBRICATED.

TESTING
ACCEPTANCE TESTING IS VERIFIED BY INSPECTION.

- FANDLING/PACKAGING
BAGGING OF PARTS IS VERIFIED BY INSPECTION.

(D) FATLURE EISTORY i
CAR HO. AB8308: ENGINEERING EVALUATION TESTS WERE CONDUCTED ON FOUR DOOR
LATCE ACTUATORS TO DETERMINE IF ACTUATCR CQUTIFUL TORQUE FALLS QFF WLITH
AGE. STALL/MAXIMTM TCRQUE WAS FOUND TQ BE WELL DELOW SPLCIFLCATION
REQUIREMENTE AND WAS ATTRIBOTED TD CHANGEE IN TORQUE LIMITER |
CHARACTERISTICS. THIS PROBLEM WAZS CLOSED ON THE BASIS THAT OMEILICAL
CLOSEOUT DOOR COFERATICON I5 VERIFIED PEE OMI V1097 DURING GROUND
TURNAROUND .
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CAR NO. AD3242: ENGINEERING EVALUATION TESTS WERE FERFORMED ON A SPARE
ACTUATOR FROM ¥5C STOCK TO DETERMINE FALL OFF IN OUITEDT TORQUE WITH AGE.
STALL/MAXTMUM TORQUE WAS WELL BRELOW SFECIFICATION. THE SUPPLIER (HOOVER)
HAS PRQPOSED CHANGES TO THE TORQUE LIMIT CLUTCH CONSTEUCTION THAT ARE
DEING EVALDATED BY RT. AN ALTERNATIVE IS ACCEPTANCE OF THE CONDITION FOR
FLIGHT WITH PERIODIC RE-ACCEFTANCE TEST AMND RE-ADJUSTMENT FOR ATE
REQUIREMENTS (REF. MCR 12154).

CAR SUMMARY: THE ORTGINAL DESIGN REQUIREMENT FOR THE LATOH DRIVE TORQUE
LIMITER MINIMUM SLIF POINT WAS BASED ON A CONSERVATIVE APPROACH AND WAS
FAR 1IN EXCESS QF ANY OPERATIONAL REQUIREMENT. SINCE 1S8) THE TOROQUE
LIMITERS HAVE DEMONSTRATED A CHARACTERISTIC DEGRADATION OF THE MINIMOM
ELIF POINT A3 A FUNCTICOH OF TIME. BASED ON TEST DATA FROM THE AVAILABLE
ACTUATORS, IT APPEARS THAT THZ TORQUE UUTIFUT DEGRADES TO APPROXIMATELY
ONE~HATLF THE ACCEPTANCE TEST VALUE, THEN LEVELS OFF ARD REMAINS STAEBILE.
RECENT ANALYSIS INDICATES THAT THE WORST CASE GCPERATICHATL REQUIREMENT IS
FAR LESS THAN THE CRIGINAL DESIGHM REQUIREMENT. WITH THE ASSUMPTION OF
WOREE CASE TCORQUE LIMITER DEGRADATION, THE ACTUATOR CAPARILITY EXCEEDS
THE. PRESENT CPERATYIONAL REQUIREMENT BY A FACTOR OF 4. THIS FACTOR OF
SAFETY I3 DEMONSTRATED PRIOR TO EVERY FLIGHT BY FERFORMING A LATCH BULL
TEST WITH APPLIED LOAD.

(E) OPERATIONAL USE

NCHE.



